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COAL-MINE EXPLOSIONS IN OHIO, 187¥~19362/ 
By C. W. Owings=/ 
INTRODUCTION 


Thé number of major coal-mine explosions occurring annually in the United 
States is decreasing, due mainly to fuller recognition of explosion hazards in 
coal mines and knowledge of methods to prevent them, which can be attributed 
largely to the dissemination of information by the United States Bureau of 
Mines, State departments <* mines, and other coal-mining agencies. Conditions 
vary considerably from one coal field to another; consequently, outstanding 
causes of and methods of combatting ezplosions vary, also. The Safety Division 
of the United States Bureau of Nines is making a critical study of coal—mine 
explosions in the various coal-mining States, and an analysis of the results is 
published as each study is finished. It is telieved that, with completion of 
the series enough information will be at hand which, if applied, will prevent 
all coal-mine explosions. 
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NUMBER OF AND FATALITIES FROM COAL~MINE : 
EXPLOSIONS IN OHIO 


Information on Ohio coal-mine explosions is usually meager, in many in- 
stances consisting simply of a statement of the number killed, without 
supporting data. During the 63 years covered by this report, 163 explosions 
or ignitions are known to have occurred and resulted in the death of 190 and 
injury to at least 265 persons. ‘The number that escaped uninjured from the 


L/ The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from U. S. 
Bureau of Mines Information Circular 6956." | 

2/ Associate mining engineer, Safety Division, U. S. Bureau.of Mines, 
Pittsburgh, Pa. | 
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sections or mines affected was not ascertainable in most instances; however, 
at least 209 persons escaped unassisted from mines in which explosions 
occurred. These data are tabulated in table 1. 


Number of expl S 
Explosions analyzed by type of mine opening are listed in table ec. 


Of the 163 explosions, 134 were caused by gas--85 in shaft mines, 14 in 
slope mines, and 14 in drift mines; in 21 the openings were not designated. 
Dust explosions in which, presumably, gas. did not play a part were reported 
nine times~-three in shafts, two in slopes, three in drift mines, and one in 
a mine with an undesisnated tyne of opening. Gas and dust caused seven explo- 
sions—-four in shaft mines, one in a slope mine, and two in drift mines. So- 
called "powder smoke", which also may have been gas, caused five explosions— 
one in a slope mine and four in drift mines. Oil dripping from the roof was 
ignited and caused an explosion in a shaft mine. Seven explosions were 
reported in which both the cause and the type of opening were not designatedi: 
it appears probable, however, that ignition of gas was the cause of these 
seven explosions. Of the 163 explosions, 93 were in shaft mines, 18 in slope 
mines, 23 in drift mines, and 29 in mines in which the type of opening was 
not designated. Approximately 25 percent of the mines in which explosions 
occurred are shaft mines, 19 percent slope, and 56 percent drift, based upon 
type of opening listed in a coal-mine directory. As more than 20 percent of 

the explosions in mines, the type of opening of which was known, occurred in 
shaft mines, nearly 14 percent in slope mines, and more than 17 percent in 
drift mines, evidently the shaft mines are more gassy, as is generally the 
case, and they also are more hazardous than other types. From 1874 to 1900 
approximately 55 percent of the explosions occurred in shaft mines, about 15 
percent in slope mines, and about 10 percent in drift mines, indicating that 
-even in the early days coal was extracted from shafts and that gas, probably 
in small quantities, was encountered and was ignited, usually by open lights. 


No explosions occurred in 10 of the 63 years, as follows: 1879, 1880, 
1885, 1921, 1924, 1928, 1932, 1933, 1934, and 1936. During the last 6 years 
only two explosions are reported to have occurred —one in 1931, in which no 
one was killed, and one in 1935, in which four were killed and two injured. 
This shows the downward trend of coal-mine explosions in Ohio. 


Number of fatalities . = 


During the 63 years studied, 190 persons were reported killed and 265 
injured in mine explosions. All of the injuries received during the period 
1917-36 resulted from explosions that occurred in only three of the years. 
Ohio has been relatively free of major explosion disasters, that is, explo~ 
sions in which five or more men were killed; five such disasters oocurred on 
the following dates: February 10, 1881, ae 21, 1910, May 17, 19155 
November 5, 1930, and veRARY 3, Ags. 


~~ 


Table 3 lists the number of ignitions and the number killed and tngured 
by explosions, according to type of mine opening. 151 persons (an average of 
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TABLE 2. — Type of explosion by tyne of mine opening 


ype of explosion j 


GAS Seiad ange stsere ° 

DOSt stvigaie wie sures 9 
Cas and dust .... | re 
"Powder smoke" .. {| = 5 
Ol] sawsaeeeeiegass6: 1] 1 


Not designated .. | 
Totals @eesee | 163 


TABLE 3. - Exnlosion fatalities and ignitions by type of mine onening 


“2 se: rea 


& >. My ewe uc. 


Injured 


<-> - aT BAe b.. . ee -eD . ee a, Sr JS 2 ae ~ a Bs EE ee 


| Number 6a.) 

Type of | of ig- Averaze per Average per 
opening | nitions ignition ignition 
SHAT 55 eevee s 1.6 18 
Slope eee eo@eeev4we8e ai 1.6 
DVL EG ~wats ee. erie: oo) 1 
Not designated . 6 ee 

TOL S: asic leet .0 

ita pe een oo eee 


ms . 4 


1.6 per ignition) were killed in shaft mines, and 164 (an average of 1.8 
ver ignition) were injured; 7 (an average of 0.4 per ignition) were killed 
in slope mines and 29 (an average of 1.6 per ignition) were injured; 12 (an 
average of 0.5 per ignition) were killed in drift mines and 40 (an average 
of 1.7 per ignition) were injured. An average of 1.2 persons was killed 
and 1,6 injured per explosion, or an average of 2.8 killed and injured per 
explosion, : | es 


Explosion fatalities and injuries are given by counties in table 4. 
The greatest number of ignitions occurred, in decreasing: order, in the fol- 
lowing counties: Belmont, 19 explosions; Athens,’ Columbiana, and Guernsey, 
18 explosions each; Jackson, 17 explosions; and Jefferson, 15 explosions. 
the greatest number of fatalities (92), with 21 persons injured, was caused 
ty 18 explosions in Athens County, an average of more than 5 killed and 1 
injured for each explosion. Jefferson County ranked second in the number of 
explosion fatalities, (39) with 25 persons injured, an average of more than 
é.5 killed and 1.7 injured per explosion. The largest number of persons (41) 
was injured, in the 19 explosions in Belmont County. 


Ohio coal~mine-explosion fatality rates per million tons produced and 
man-hours worked are given in table 5 by 10-year periods from 1874 to 1933, 
inclusive, and for single years for 1934, 1935, and 1936. The rates per 
beriod fluctuate considerably, ranging from 0 to O.440 death per million 
tons of coal mined. ‘The latter figure was influenced by an explosion in 
which 82 persons were killed. The fatality rate based on the exposure of 
ciployees to accidents ranges from 0 to 0.253, the larger figure again being 
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_ TABLE 4. ~ Explosion fatalities and injuries, by counties 


Number of | 
County ignitions Fatalities Injuries 


AURENS: 654040200 4000% 18 92. el 
Belmont sevacesesess ; 19 14 41 
Columbiana ceosvessence 18 13 34 
GUCINSCY eesseccrecese 18 3 31 
HOCKING csewsesee ene Z. 3 0 
JACKSON ccuisaneew aw ou 17 4 22 
Jefferson eseeccecccce 15 39 rang) 
Lorain Covecerececesecs 1 0 3 
| Mahoning cecsesssoees 2 ak in 
MONnTOCG: <0 Siter soa0% = : ot ° 0 
Noble ee...e.e. eaceiaas 10 C 17 
POLTY cocvesecssccece a 28 1 13 
POTtAZS 4 isdeeceacwas y 0 7 
BUGLE: va an erece. are: oe rece Soe 11 6) " 
TPA UL: -¢eereeseeverene as 3 O | 
TUSCATAWAS ceoceccces ‘ 7 — «8 20 
Not designated ...... 10 g 3) 


Totals 


‘om 
OY 
LN 
}—! 
YO 
O 
as) 
On 
1S 3 | 


TABLE 5. ~ Coal-mine-explosion fatality rates in Chio, 1874-—19%6 


Fatality Fatality Percent of explosion 
per million |- per miliion fatalities to total 
 ': tons man-hours coal-mine deaths 
LS7TU-1883 wceecaees 3.21 
LSSYU-1893 ceecceees 1.13 
1394-1903 wceccccce 2.74. 
19OU-1913 ceccccces 3.76 
1914192 3. caw dene 1.08 
1G2U-1933 sevcscece 12.31 
het ee rr .00 
1935 sevccccececese 4uou 
103 GO: veiebwicievaeiseietees 00 


1/ Estimated. 


affected by the explosion in which 82 deaths occurred. In general, the explosior 
fatality rates in Ohio are based on figures furnished to the United States 
Bureau of Mines on underground accidents, and explosion fatalities in Ohio were 
mach fewer than the average for the coal mines of the United States as a whole. 
In the 5-year period 1911-15, Ohio had an explosion~fatality rate, based on 
underground fatalities, of 0.068 death per million man-hours, compared with 
0.313 per million man-hours for the United States. In the next 5-year period, 
1916-20, the rate in Ohio was 0.026 per million man-hours, and in the United 
States 0.180. In the 5 years 1921-25, the rates were 0.013 death per million 
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man-hours in Ohio and 0.347 per million man-hours in the United States. Due 
to a disastrous explosion in 1930, the rate for Ohio from 1926-30 was 0.601 
compared with 0,341 fatality per million man~hours in the United States. 

The average rate for the 15 years from 1911-25, inclusive, was 0.036 death 
per million man-hours in Ohio and 0.280 death per million man-hours in the 
United States. 


Explosions caused 0 to 12.31 percent of all coal-mine deaths during the 
63-year period. In the 10 years 1924U—%3, in which one explosion caused &3 
fatalities, 12.31 percent of the fatalities was due to mine exnlosions. In 
the preceding 10 years the percentage was 1.08, and in the 3 years following 
1933 the rate averaged 1.45 percent of all coal-mine deaths. 


CAUSES OF COAL-MINS EXPLOSIONS IN OHIO 


Most of the explosions were caused by open-flame lights. According to 
table 6, open lights caused 91 ignitions (55.83 percent of all ignitions), 
and flame safety lamps, furnace fire, and a match caused one explosion each 
(0.61 percent of the ignitions being due to each cause). Open flames caused 
a total of 94 ignitions, representing 57.67 percent of the explosions. 


TABLE 6. ~ Allesed or probable causes of ienitions 


TORRES! Gains - ED 


ee | a ae. Pew AbD eS. Aw 2. os Be UE Oe 
. 


Number of ignitions Percent of ignitions 


Cause 


Ca ee ee ee eee Oe ee ot f.- Pet tae Tr |r 


Open flames: 


| | 
Open lights ..... weirs Ql 55.83 
Flame safety lamp .... 1 £61 
Furnace fire ...ceceee 1 ~61 
Match #eeeeseevusueseee34eesv1_ees8 ese on | oo Jeol, 


x I a ee 
LS SRD SB EE oe coe == ews, 2.0 eS ee oF Oe ee eer eee 


BIAStiNg sscececcececece | 556 
Blectricity s.sceceecece C 3.68 
PPG a Setss cates naatiedcowd mn 1/246 
Spark from pick ....seeee 1 61 
Not designated ..es.eee0 | 49 30.06 

Total ignitions | 153 100.00 


e 
2: I, Ae. a, EP . 6. ey Was + 6 — casera — eae __ ES eB PAT EN a TST IPP ST Is SS SR 


l/ Adjusted. 


Blasting was second, with nine explosions (5.56 percent of the total); 
electricity caused six ignitions (3.68 percent of the total); fires caused 
four explosions (2.46 percent of the total); and sparks from a pick are said 
to have caused one explosion (0.61 percent of the total ignitions). ‘The 
cause of 49 explosions, representing nearly a third of all reported, was not 
designated, but it is believed that a large number of them resulted from 
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ignition of gas by open lights; this belief 1s based on the cause of explo- 
sions occurring under somewhat similar conditions at about the same tine. 


Causes and percentages of explosions, by periods from 1874 to 1936, are 
listed in table 7. During the 13-year period 1874-86, 13 explosions, repre- 
senting 76.47 percent of all the explosions in that period, were caused by 
open lights. During the next 10-year period 21 explosions, representing 8 
percent of the total explosions in that period, were initiated by open 
lights. During the 10 years 1897-1906, 53 explosions occurred, 32 of which 
(61.04 percent) were caused by onen lights. However, the largest number of 
explosions (53) occurred during the following 10 years, 1907-16, 26 (49.06 
percent) of which were caused by oven lights. No explosions were caused by 
open lights during 1917-26, but in the following 10 years, 1927-36, two explo- 
sions (28.57 nercent of the seven explosions that occurred in that period) 
were caused by open lights. 


The first explosions caused by blasting were reported during 1897-1906, 
when five explosions (9.61 percent of the 52 explosions) occurred. In the 
next 10 years only three explosions (5.66 percent) were caused by explosives. 
Blasting caused no explosions in the period 1917-26 and only one in the 
following 10—year poriod, representing 14.29 percent of the explosions of 
that 10-year period. 


The first ignition attributed to electricity occurred on November ll, 
1901; during 1897-1906, two explosions (3.85 percent of all ignitions) were 
initiated by electricity. No electrical ignitions occurred during the next 
10 years, but in each of the following 10-year periods, 1917-25 and 1927-36, 
two explosions (22.22 and 28.67 percent, respectively, of all ignitions) 
were of electrical origin. Sige oA 


Fires caused four explosions (3.85 percent of the total ignitions), two 
of them occurring between 1897 and 1906; and in the following 10-year period 
two more explosions (2.77 percent of all ignitions) were caused by fires. 


PRIUVCIPAL CONTRIBUTING CAUSES OF EXPLOSIONS 


The exact cause of an explosion is not always readily discernible, as 
three or four closely related causes may have been responsible. Although 
the largest number of explosions was attributed to ignitions by open lights, 
the causes that led to acctmlation of gas and dust and other factors enter- 
ing into the ignitions varied. The principal contributing factors are listed 
in table &. 

wfntilation 

Ventilation deficiencies constituted the chief factor contributing to 
explosions in Chio as well as in most of the other coal-producing States of 
the Union. Among the causes attributed to ventilation defects were: Fans 
stopped contributed to seven explosions; doors propred open, to three explo- 
gions; brattices leaking or too short, to three explosions. The following 
each contributed to one explosion: Door in need of repairs, lack of air 
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TABLE 8. — Factors contributing to causes of explosions 
Causes es Soni ee | No. of ignitions 


ee 


Fan stopped .... . 
Door propped open. . , ; 
Brattices leaking or too short... 
Door needed repairs ., « « « « »« « « 


Air shaft needed .... Ker te 
Air shaft in poor condition. ... 
Pumm stopped, no exhaust steam .. 
Pocket of gas in ventilated shaft ‘ 
rall tore down brattice; let in pir 
Deficient ventilation... . 


OR HE BH RE EWA 


NM 


Elasting: 
Too many shots fired, . : 
Holes on soliad. .... A 
Blown—-out snot. . .« « e : 
Overcnarged shot . ‘ ; 


shots fired too ranidly .. - 
Kegs of black blasting powder ignite 


Black plasting powder ignited gas. . 
Stray y current ignited 41 kees of bleck ble 


DOW Ole! « e e ° e ° ° ° ° e ° ° 


d 


ee ase Se 


e a e e 
ke 
PH eR HE nou 


Ineffective on no fireboss examination: 


or . a. eae 


Wo ‘fireboss! examination ... Gs We ver ter Git feel ae Ws ter 
Men entered before fireboss! examination. 
lio gas found by fireboss ..... 


Disovedience or brea'ting of law: 


Passed danger board (disobeyed warning) 
Men had no business in mine (visitors). : 
entered abanfoned mine. . . 

Fireboss erecting brattice; miner disobeyed command 
Men left assigned rooms; went to entry face . 
Machineman disregarded warning; cut into well . 


Brushing Out SAS. <6. 6 ee SS ew ee es 
Men going over falls, wearing open lights .. . 


Failures of officials: 
“Officials carryinz flame safety lamps and open lights 
Gas found; no "denper" board placed. ... a eee 
Official struck match to light flame safety lamp. 


Cut into favlt or old workings. ah oe 
Oil dripping from roof... 

Gas ignited by furnace during Sveanias 
cre from burning oil well... 
Rescuer killed by falling timber. at ve 
Fall of rock s*ort-circuited electric wire. 
Nachineman ignited gas with open light.. 


Dust on tipple from dumping coal. ... f 


| 
| 
! 
| 
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shaft or air shaft in poor condition, pump stoppe? and no exhaust steam to 
supply ventilation, pocket of gas in ventilating shaft, fall that tore down 
brattice and let in air, and "deficient" ventilation. Ventilation defici-~ 
encies contributed directly or indirectly to 20 of the ignitions. 


Blasting 


Blasting was the second most common cause contributing to explosions, 
explosives having been involved directly or indirectly in 11 explosions. 
Too many shots fired in close succession caused three explosions, caused 
vrincipally by an accumulation of so-called "powder smoke." Holes drilled 
on the solid, loaded with nonpermissible exnlosives, and fired resulted in 
ignition of dust, "powder smoke", or gas in two explosions. Blown-out shots 
were responsible for only one ignition, although overcharged shots and shots 
Tired too ranidly are listed as causing one explosion each. Probably all 
three of these explosions were due to so-called "blown-out" or "windy" shots. 
Kegs of black blasting powder ignited in a manner not specified caused one 
explosion; burning black blasting powder ignited sas in another explosion; 
and a stray current was reported to have ignited 41 kegs of black blasting 
powder, causing one explosion, 


ineffective or No Zireboss! Examination 

Ten explosions were ettriouter directly to improper examination or lack 
of examination of working places by firebosses. Five explosions occurred 
where no fireboss! examinetions had been made, four where men entered the 
mine before the fireboss made his examination, and one where the fireboss had 
made an examination without detecting gas. 


Probably a large number of failures of employees should be classed under 
this heading; however, only those directly so classed are grouped thereunder, 
In three explosions men passed the danger board (in at least one exniosion in 
Spite of warning). One explosion was caused by nonemployees who entered to 
see the mine foreman about ermloyment. In another instance, although warned 
not to do so, men entered an abandoned mine while the fireboss was placing 
trattice to remove gas, and ignited the gas. In still another instance, men 
left the room that had been assigned to them, because they did not like the 
working conditions, and went to the face of an entry to look for a better 
place; their open lights ignited gas. Disobeying the warning of the hazards 
from an oil well, machinemen cut into it, and released some gas that was 
ignited by their open lights. Stopping of the fan contributed to seven ex— 
plosions, Brushing out gas and men going over falls with open lights each 
caused five explosions; these are not specified as disobedience or breaking 
of the law, but they border closely on disregard of laws and regulations and 
common—sense procedure. 
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Officials are rarely free from blame for mine accidents, although this 
attitude is far too often taken by those investicating accidents. In three 
instances, officials carrying flame safety lamps and wearing open lights 
ignited gas with the open lights. Another explosion was caused by failure 
of officials to place a danger board at the entrance to a place where gas 
had been found. In another instance, gas was ignited by an official, the 
light of whose flame safety lamp had been extinguished and who ignited gas 
when he moved back to a place wnere he thought there was no gas and attempted 
to light his lamp with a match. <All of the five failures of officials to 
use anything like good judgment resulted in explosions. 


iliscellancous 


Among the unclassified factors that contribute to explosions are cut 
into fault or workings; oil dripning from roof; gas ignited by furnace 
during sealing; gases from burning oil wells; rescuer killed by falling 
timber; fall of rock short-circuited electric wire; machineman ignited gas 
with open light; and dust on tipple from dumping coal. This latter caused 
an explosion in the tipple of one mine, and the flame was transmitted down 
the shaft by the falling burning dust that was lifted from the timbers on 
the sides of the shaft. Contributing causes of explosions often might be 
classified as a primary cause, as it is often impossible to differentiate 
between the true cause and the contributing cause of an explosion. In any 
event, it is evident that contributing causes are highly important, and 
they indicate the line of action that must be taken to reduce or eliminate 
explosion causes, 


Early in the twentieth century considerable attention was given to 
blasting in Ohio coal mines because a number of windy or blown-out shots 
occurred and there vas agitation at this time to prevent the misuse of ex- 
plosives, The State legislature passed a law allowing the mine inspectors 
to curb the excessive use of exnlosives underground; following this, 
decided interest was manifested in "safe" explosives, which are now called 
tnermissible." In 1912 not quite 3,000 pounds of this explosive was used 
and it was not until 1920 that an appreciable quantity was used. In that 
year more than 20 tons of permissible explosives were used in Ohio coal 
mines. However, it was not until 1925 that any considerable amount of per- 
missible explosives was used; in that year more than 50 tons were sold to 
the coal mines in Ohio. Table 9 shows the class of explosives used in coal 
mines from 1912 to 1935; it appears that in 1935 the largest quantity of 
permissible explosives to date was used, more than 82 tons being supplied 
to coal mines. It is believed that this use of permissible explosives 
reduced materially the amount of dust formed and thereby the possibility of 
propagation of flame when mining was done where gas and dust existed, and it 
is unfortunate that all underground blasting in coal mines is not done with 
permissible explosives. 
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TABLE 9. - Classes of explosives used in Chio coal 
pines, 1912-35 

Bls blasting powder High exvlosives | Permissible 
| Granular, Pellet, except permissibles, explosives, 

Year kegs cases gust pounds yess __. pounds 
1912 .... | 266,647 - 160,400 2,975 
1913.66. | 305,581 - 62, 360 6,650 
1914 .,..{ 192,097 | - 547,700 11,200 
1915 weee | 253,343 | - OT pial: 11,750 
1916 soe | 364,760. | ~ 96, 330 5,926 
1917 seee | 565,950. | ~ “ug 681 6,9ug 
1918 «eee | 519,006 | _ 855,501 13, 806 
1919 6... | 345,594 ! 7 613,189 1, 350 
1920 2... | 662,374 - 861,417 ~ 41, 366 
1921 .oe0 | 286,833 | - 641,421 22,725 
1922 .. 452,154 | = 1,065, 768 4,050 
1925 eoee | 500,995 | | - 1,128,008 ppr27 
1924 wee | 319,241 - 466, 898 » 350 
1925 .o00 | 344,24 - 468,510 100, 850 
1926 wee. | 371,672 —s- 694,035 115, 325 
1927 ese | 215,669 | £=x= 428,100 52,550 
1928 wo. | 2,959 = 305,925 13,850 
1929 .e66 | 282,367 | - 271.579 96, 738 
1930 esse | 119,096 | 111,032 127,014 - 155,800 
1931 wee} 81,910 | 102,674 105, 928 107,850 
1932 eeee 77,059 | 67,268 294, 4eu 149,475 
1933 veve | 97,518 |. 96, 735  , 2u7,125 107, 700 
1934 ....] 113,075 | 104,479 268,151 | 142,450 
1935 seee | 112,401 | 105, 414 | 751,991 ! 164,950 


CAUSES OF GAS AND DUST ACCUMULATIONS 


Approximately 86 percent of the explosions were caused by ignition of 
gas, and more than 90 percent of tne explosions were. classified as gas or 
gas and dust ignitions; if gas could be kept below the explosive limit, 
most of the coal~mine explosions in Ohio could be prevented. 


The various causes outlined in table 10 are discussed in detail below. 


Ventilation 
Insufficient ventilation, not otherwise classified, was directly 
responsible for accumulation of gas in 10 explosions. It is probable that 
in most of the instances the lack of ventilation wa@ due to improper coursing 
of air or gans of insufficient size and capacity or, in the early days to 
furnaces, 
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TABLE 10. =- Causes of sas and dust accumulations 


Causes | | __ fe. of ignitions 


Ventilation defects: 
Insufficient ventilation not otherwise classified 


Gas: 


Fans: 
Wan. SCOPDEG. sc. 6: 6k de car Sees ae ee GS 
Fan too small .... Le: cis Sy oti ode 


Fan belt slipping (anderenound) Soe a ee ee 


DGOT> OPC. 2c su: ceca. Si aici St ee ee ee, 
Ineffective or damped furnace ee ae ae ee 
Air short-circuited . . . 2. 1. 6 «© © © © ww 
Unventilated section. ........se-ee. 
MAGES BILGS, ss: nes Se eo we a ed GE <E, @- SS 
Ventilation obstructed. . ......2-s. ees 
Brattice not advanced .....-c « « « e ee 
NO: DEA bLCG: <: .6:- or Sey Ske ee OR te We ree Ss 
BO Nig). sie Se ey er MS) Gee cg a SE Ele ep. 
WECGCYs) of ta: SS. wh ee. we. Ge R. kG ER 
Blasting. . « - « « « : : ‘ gn et ui 
Dewatering shaft (75, 000 cu. ft. Gay minute): : 
Cut inte abandened. room . « <6 6 we & ee SS 
Cut into oil well . 2... 2 2-2 2 2 ee eee 
Fire (accurulation in fire area). . .. eee 


Total gas accumulations ..... 2.2 e« « «. 


Dust: 


Blasting. ... a i chee Le? ose 2 
Dumping coal (surface). . ee ee ee ee a ee 


Total dust accumulations So oa, May We ee ek RY RE 


Total causes of accumulations reported ... 


eee 7. eo 


Fans 


Fan sprue or defects were respOneielE for gas accumulations 
in 13 explosions, in 11 of which the fan had stopped or had been stoppedi 
in one instance the fan was too small to deliver sufficient or required 
ventilation, and in another slipping of the fan belt did not allow the fan 
to deliver enough air to keep the ges concentration below a dangerous 
percentage. 
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ors Left Open 


In one instance a door was propped open, allowing gas to accumulate; 
in another men entered the mine on an idle day when no fireboss had been 
present and left the door open, causing an accurmlation of methane; and in 
still another instance the mine was not thoroughly examined and an unno- 
ticed open door allowed gas to accumulate. Another explosion, with 15 
fatalities, resulted from ignition of gas that accumlated after a driver 
propped open one or more doors and caused a short circuit of the air. No 
preshift examination was made in one mine. Gas alloved to accumulate by a 
door that hac been left open was ignited by an open light, causing an 
explosion that resulted in the death of 15 men. Most mining men realize 
that it is necessary to keep doors closed; on the other hand, however, 
catches or latches are provided in most bituminous-coal mincs in the 
United States to make it easy for haulage crews to prop or latch open doors 
when they are going into a restricted area, which practice often permits 
accumulation of gas, ignition of which may be disastrous. 


Ineffective or lamed Furnaces 


In early days, when furnaces were used for ventilating purposes, venti- 
lation was ineffective. Although only two ignitions were reported as due to 
accumlation of gas through ineifective or damped furnaces, there may have 
teen a number of other explosions not listed under this cause. 


Other Ventilation Failures 


Other causes of gas accumulations from short-circuiting of the air by 
merns other than doors left open were: Men entering unventilated sections; 
gas accumulated by lack of ventilation ignited by persons entering entries 
or sections of temporarily idle mines; occasional obstruction of air courses 
restricting if not entirely blocking ventilation in certain sections; and gas 
accumulation at face due to failure to advance or erect brattice. 


Falis 


In eight instances falls of roof released gas, which was ignited. Under 
this classification are included, also, cavities left in the roof by falls, 
in which gas accumlated, 


Gas Feeders 


Gas feeders are encountered generally during drilling or cutting, especi~ 
ally when faults are encountered. Five explosions resulted from ignition of 
gas "feeders" exposed during mining or drilling. In mines where falls are 
likely to be encountered a competent person should be present when coal is cut 
to test for gas with a flame safety lamp and to determine when feeders or 
dangerous quantities of gas are being released. 


Feeders are released not only during cutting, but also frequently when 
coal is blasted; gos released under these conditions tas ignited in five in- 
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A pocket of gas occurred in a shaft in which 75,000 cubic feet of air 
per minute was delivered while the shaft was being dewatered; gas released 
when a machineman cut into an abandoned room was ignited by his open light; 
although he had been warned, a machineman cut into an o1i1 well and ignited 
the oi1; and gas that had accumulated in a fire area was ignited by the 
fire, 


PRINCIPAL CAUSES OF DUST ACCUMULATION 


One of the principal causes of accumlation of dust is blasting; 
this was particularly true in the earlier days of mining in Ohio, when the 
coal was shot off the solid or when only half of the coal was undercut. At 
one mine an accumulation of coal dust from dumping coal in the tipple was 
ignited by a nonpermissible-type motor. | 


RECOMMENDATIONS 


The object of studying explosions in Ohio is to determine means for 
preventing the occurrence of similar explosions; therefore, recommendations 
mace by investigators at the time of the explosions should serve as a basis 
of methods or means to be adopted to prevent such explosions. The recon- 
mendations and the numoer of times made in the reports from which this 
study was mede are given in table ll. 


Ventilation 


The largest number of recommendations (38) was for improving ventila- 
tion. The outstanding recommendation under this heading was to provide new 
or larger fans on the surface, so that adequate quantities of air could be 
coursed to all faces in the mine. Improvement in ventilation without’ 
specifying how it should be obtained was recommended four times. To prevent 
leakage of air and to conduct it to the working places, it was recommended 
that masonry stoppings be built. It was recommended in three instances that 
the brattice be advanced to conduct the air directly to the working face. 
To course the air properly, it is necessary to have an intake and a return 
therefore, a double-entry system was advocated following two explosions. 
Ventilation was obstructed in two mines, and it was recommended that such 
obstructions be removed from air courses. To reduce the area ventilated, 
it was recommended that abandoned mines or sections of mines be sealed. 
The main object of the recommendations appeers to be to increase the quan- 
tity of air at the face and to keep it ventilated adequately at all times. 
It was recommended, therefore, thet the quantity of air be increased, that 
the fan be run at a faster speed, or that the furnace be kept burning more 
rapidly; that the fan be run continuously; that ventilation engine end 
pipes be installed to ventilate relatively inaccessible sections: that 
repairs be made to stop leaks in the "walls"; that brattices be tightened: 
that partitions be installed in the shaft; and that break—throughs be prou 
vided in rooms at 30- and 60-foot intervals, staggering the crosscuts so 
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rans: ana 


Recommendetions 

Ventilation: 

Install new or larger fan on surface . 
Improve ventilation. .. e a 
Build masonry stoppings. ........ 
Advance brattice . 
Provide double-entry aysten. eae ee 
Remove obstructions from air course... 
Seal ebandoned mine or workings. 
Increase quantity of air ....... 
Run fon faster ..... ee ee ey Bi 
Keep furnace burning rapidly ee ee 
Keep fen running continuously. 


Install ventilation engine and pipes . : 
kenair shaft. .. ee ee ee ee 

Stop leaks in "walls", tet eS ee St ee & 
Tighten brattices.s. «wa: ew 4- wide Se eh Se ei 
Install partition in shaft . ......e-s 
Provide break-throvgh in rooms at 30 and 60 
Operate both fans. . »« « « « = © « « «© « « 
Plece "check" on entry . .« « « « »« ee e « 
Ventilate two rooms. « « . + +. .«« « « « « 
Install automatic doors. . . ». - « « « « « 
Maxe haulage roads intaxes . . . .« « « « e« 
Eliminate doors. . ... . a fe. at os ene. G 
Use doors in pairs to form air lock. ... 


Total ventilation recommendations. .. 


Inspection and supervision: 
Make fireboss' examination before men enter 
Stop overating mine. . 
Withdraw men until shaft is 
Obey law .... 
Employ fireboss. .... : 
Pumper mist carry flame saPoty lamp. 
Use flaxne sartcty larn. 
Examine aiy scction with flame safety lamp 

Lhe Wi Se Late a. a 
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~ kecommendations made 


rar aime aa a. ewe sce we 


ge sceme ek aoe 


Spc rmcecme: eae em canon! ww ws. oe ww. / 2 a 


; 
a 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 
1 
i 
i 
1 
1 
1 
1 
— 
1 
1 
1 
1 
8 


® e e e e e e 


ee ene) 


yefore enter- 


A” 


~~ 


AXErcise 2 wnen aporoaching a fault ........ 
Men must aot enter mine when fan is stopped. ...... 
Provide tv. ofemuinss 1.4 2 6% % 
Exert precouticns along every line . . . « «6 «ee ©. 
Total inspection and supervision recommendations... 
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TABLE 11. - Recommendptions mace - Continued 


Recommendations ee nee eee Times made 


Blasting: | 
Use permissible explosives... . a ee ee ee 
Fire no shots in holes drilled on the solid oe Gh ae ee es eS 
Undercut, the COAL if & 6. 6) tw, eo SR SH we a Sw ee Bw 
DipLOy SHOU: SLPOTSs: i) ook es i; er Get RS ee Ga wa es OR Pe 
Reduce quentity of explosives . . . 2... « « «© » © « « 2 
Limit charge -of €xplosl Vee ss: is wae we Sw we we 
Last man on split must blast first. . ......+..« se ef 

Total blasting recommendations. . . 2. 6... « «6 ©» « ef dl 


mee eA 1 1 


Dust control: 
HOCK=GUSs. CHOTOUSDILY.: eo. 6: ww We wi -w ODS SSM SS 
Clean Ont CaSGe force ast Bee: ver tere: ee ee Ae GP a 1S a we ee 
Sprinxle entries and room neckS . ....+.-e«« «see 
Wet 3COa1: GUST) 2. ee: te eh ai SR ote GL, Ue Rk, we Se ck 
Remove dust from tipple daily . . .....-.-«-+ «ee we 
Total dust-control recomnendations. . . . « «+ « « ee 


Blectrical control: 


Use permissible electrical equipment. . .....e«-e.e«.ee 
Use permissible electric cap lamps. .....+..4.24.-. 
Provide sectional switches. ...... ao ais oe HO ue: od ee 

Total electrical control recomnendations. Scie Gay, le Yer tae se 


mH FP MW O 
| 
r 
| 


| 


i 


Total recommendations . . se. +e ee ee ee ee we | BB 


~~ 


that they would not be opposite one another. In one instance it was 
recommended that both fans be run, whereas only one had been in operation 
previous to that time. To get ventilation into the rooms it was recon- 
mended that a "check" curtain be placed on an entry and that ventilation 
be carried up and into the rooms in virtually the same manner. It was 
recommended that automatic doors be installed in one mine to prevent 
short-circuiting of the air, and another recommendation was that haulage 
roais be made intake rather than return, as was the case before the explo- 
sion. Doors shovld be eliminated wherever possible, as doors may be left 
open or a large number may cause such leakage of the air that effective 
ventilation is impossible; it was recommended that doors be eliminated, 
but if they were used that they be erected in pairs to form air locks. 


Insnection and Supervision 


In twenty instances it was recommended that inspection and supervi- 
sion be increased. The major recommendation, which was made nine times, 
was that fireboss’ examinations be made before the men enter the mine. 
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the officials at one mine knew so little about mining, and ventilation in 
particular, that it was recommended that the mine be closed. In another 
instance, because of inadequate ventilation, it wes recomnended that the 
men be withdrayn until a shaft was sunk. The terse recommendation, "Obey 
the law", was made in one instence. It was recommended that a firebcss 

be employed in one mine end that a oummer in another mine should carry a 
flame safety lamp to test for gas while making his rounds. At another 

mine it was necessary to recommend that a flame sefety lamn be used; 
evidently such a lamp was on hand but was not teing vsecd. To mininize the 
hazard of entering a section with open lights, it wes recommended thet every 
section be examined witn a flame safety lamp before men wearing open lights 
be allowed to enter. To decreese the hazard from a sudden outburst of gas, 
it was recommenced that care be exercised in aporoaching a fault. Still 
other recommendations were that men must not enter the rine wken the fan 
was stopped; that two openings be provided; and that precautions be taken 
along every line. <A number of recommendations listed under ventilation 
might well come uncer inspection and supervision; however, ciassifications 
have been made to place the recom.endations under whatever head appears to 


be the most apnropriate. 


Blasting 


Ten recommendations were designed to reduce the explosion hazards in 
blasting. The use of permissible explosives was recommended only twice, 
the other recommendations bearing on the manner of preparing to fire and 
firing, presumably with black blasting powder or possibly dynamite. It was 
recommended twice that shot holes not be drilled on the solid and twice 
that the coal be undercut. Other recommencations were that shot-firers be 
employed; that the quentity of explosives be reduced; that the charre of 
explosive be limited; and that the last man on a split blast first in order 
that the fumes from blasting would not be carried over the other men still 
working. Methods for controlling the dust consist of making the dust non- 
explosive or removing it. It was recommended in three instances that the 
mine be rock-dusted thoroughly and in two that the dust be cleaned out and 
renoved from the mine. It was recomended tvice that the entries and room 
necks be sprinkled to keep down the cust and to keep it wet enough to pre- 
vent it from being raised in a cloud. Another similar recommendation was 
that the coal dust be made wet and that it be removed from tipples daily to 


prevent dangerous accumulations. 


Electrical Control 


Use of permissible electrical equipment wes recommended four times and 
use of permissible electric cap lamps onco. It was recommended that sec- 
tional switches be vrovided to cut off the power from any section of the 
mine when it was not working. 


SUMMARY 


The outstanding type of explosion was gas, 134 of the 163 explosions 


having been purely gas explosions. Nine expiosioo® were due to dust, seven 
to gas and dust, Hive to powder smoke, one to oil, and seven were not desiz-~ 
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nated, but probably most of them were due to gas. Most of the explosions 
occurred in shaft mines (93 occurred in shafts); 23 occurred in drift mines, 
18 in slope mines, and 29 were undesignated. The largest number of deaths 
(151) resulted from explosions in shaft mines, Twelve occurred in the 23 
explosions in drift mines and only seven deaths occurred in the 18 explo- 
sions in slope mines. The largest number of explosions occurred in Athens, 
Belmont, Columbiana, Guernsey, Jackson, end Jefferson Counties. - The 
largest number of fatalities occurred in Athens County and the second 
largest in Jefferson County. Forty one persons were injured in Belmont 
County, the largest number listed as having been injured in explosions in 
any county in the State. | 


The coal-mine~-explosion fatality rates ranged from 0.038 death per 
million tons in the l0-year period 1884-93, to 0.440 death per million tons 
in 192-30 There were no explosions and no explosion fatalities in 1922, 
1933, 1934, and 1936. The fatality rates from explosions per million man- 
hours ranged from 0.010 in 1884-93 to 0.253 in 1924-33. Coal-mine deaths 
from explosions in Ohio ranged from 1.08 percent of all coal~mine fatalities 
in 1914-23 to 12.31 percent in 1924-37; in other words, in the 10-year 
period ended 1933, more than le of every 100 coal~mine deaths were caused by 
explosions. 


Oren flames caused the largest number of deaths, open lights causing $1 
explosions, flame safety lamps 1, furnace fires 1, and matches 1, a total of 
94 (57.67 percent of all of the ignitions); blasting was second with nine 
explosions (5.56 percent of the total); electricity was third with six 
explosions (3.08 percent of all ignitions); and fires were fourth with four 
ignitions (2.40 percent of all ignitions). 


Open lights caused 0 to 84 percent of all explosions in the 10-year 
period from 1874 to 1936, except that from 1917 to 1936, open lights caused 
as many or more explosions than any other cause. Blasting caused 0 to 14.29 
percent and electricity 3.85 to 28.57 percent of the explosions during the 
above-mentioned 10-year periods. 


Factors contributing to causes of explosions were defective ventilation, 
blasting, ineffective or no fireboss examinations, brusning out gas, men 
going over falls wearing open lights, and failure of officials to observe 
rules. A large number of explosions could be attributed to failure on the 
part of officials to provide safe working places for the men. 


The outstanding causes of gas accumlations that resulted in explosions 
were insufficient ventilation, fans stopped, or improper working conditions. 
Open doors, short-circuited air, and improper or nonventilation of sections 
of the mines were the principal causes of gas accumulations. Falls 
frequently have released bodies of gas in coal mines, and gas feeders re- 
leased during cutting or blasting of coal have been a prolific source of 
dangerous quantities of gas. Blasting of coal has been one of the chief 
causes of dust accumulation and has also contributed heavily to release of 
explosive gas. 
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The United States Bureau of Mines, through its Mine Safety Board, has 
issued a number of reconnendations for increasing safety in mines, a 
number of which are designed primarily to prevent coal-mine explosions. 
These recommendations are given in Information Circular 6946, a copy of. 
which may be obtained from the United States Bureau of Mines. These and 
other recommendations by engineers of the Bureau indicate that accumla- 
tions of explosive quantities of gas in coal mines can be eliminated or 
greatly reduced by maintaining an adequate quantity, quality, and velocity 
of the air. The air mst be coursed properly by providing, first, a 
sufficient quantity of air, and then conducting it to the working place 
with as little loss as possible. Overcasts should be used instead of doors 
wherever possible and they, as well as stoppings, should be constructed of 
fire-resistant, airtight material. Line brattices should be used at the 
working faces beyond the last crosscut, so that a definite velocity of air 
is made to sweep the face of the working place at all times. It is believed 
. that at least 100 feet of air per minute should sweep the working face. In 
case there is a sudden outburst of gas, the ventilating current may carry 
it away. It is much safer and more efficient to have the return air current 
in a special airway and not on trolley or haulage roads or other places 
where machinery is used, in order that no source of ignition may be present 
in the return airways and that men or animals may not be subjected to | 
polsonous gases in case of fire or explosion. 


The sources of ignition can be removed in large part by using only 
permissible electrical machinery for hauling, drilling, undercutting, and 
loading the coal. Another source of ignition will be removed if permis-~ 
sible electric cap~lamps are substituted for open lights in all coal mines, 
whether they are considered gassy or nongassy. Explosives should be per- 
missible brands used in a permissible manner to eliminate the explosion 
hazard that is present with other high explosives or black blasting powder, 
Finally, when all precautions have been taken to prevent the accumulation 
of methane and remove sources of ignition, it is necessary to see that the 
€quipment and the ventilating system are maintained in proper condition at 
all times. Adequate supervision is necessary, and to insure this each 
underground official should have not more than 25 men under his supervision; 
or, at least the men should be so concentrated that a foreman or assistant 
foreman may visit every working place at least every two hours, preferably 


hourly. 


Care should be taken to examine all electrical equipment and installa- 
tions at regular intervals, and at less frequent intervals a very rigid 
examination should be made to determine the safety of the equipment. 


Application of these basic principles of safety should help materially 
to reduce or to eliminate explosions in Ohio coal mines. 
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